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TO THE EDITOR
The apurinic–apyrimidinic endonuclease/
redox effector factor-1 (APE/Ref-1) is a
ubiquitous and bifunctional protein,
which has both an apurinic-apyrimidinic
endonuclease DNA repair activity and a
nuclear redox activity (Tell et al., 2000a;
Yang et al., 2005). Those two activities
are split into two functionally indepen-
dent domains of the protein: the
N-terminus is principally devoted
to the redox activity, whereas the C-
terminus exerts enzymatic activity on
abasic sites of DNA (Tell et al., 2005).
Recently, it was reported that overexpres-
sion of APE/Ref-1 protects melanoma
cells from cisplatin or from H2O2-in-
duced apoptosis, whereas an increased
rate of apoptosis is observed in the
presence of APE/Ref-1 antisense. There
are several previous reports detailing the
subcellular localization of APE/Ref-1,
which is translocated into the nuclei after
exposure of human cells to oxidative
stress (Tell et al., 2000b). Variable
nuclear/cytoplasmic distributions of this
protein are observed in different human
tissues (Freitas et al., 2003; Tanner et al.,
2004). APE/Ref-1 has also been shown to
control p53 activity through redox altera-
tion. p53 is induced in cultured human
skin fibroblasts after treatment with
H2O2, an oxidant produced in cells
during exposure to solar UV radiation
(Vile, 1997). APE/Ref-1 is also linked to
apoptosis, associated with thioredoxin.
The thioredoxin reductase/thioredoxin
system has been shown to translocate
into the nucleus both in keratinocytes
and in melanocytes (Hirota et al., 1999;
Schallreuter et al., 2006). Therefore, the
nuclear versus cytoplasmic distribution of
APE/Ref-1 may be regulated by the
environment.
We investigated the effects of UV on
human skin of various pigmented phe-
notypes before and at different times
after a single minimal erythemal dose
UV exposure. This study involved hu-
man subjects representing different
racial/ethnic groups, and details of
the protocols, subjects of the study,
and UV doses have been published
previously (Tadokoro et al., 2003,
2005; Yamaguchi et al., 2006). This
study was approved by the Food and
Drug Administration (FDA) Research
Involving Human Subjects Committee,
and adhered to the Helsinki Guide-
lines; informed consent was obtained
from each of the study subjects. A bank
of FS lamps (National Biological
Corp., Twinsburg, OH) was used as
the source of UV radiation (60% UVA
and 40% UVB). The relationship be-
tween UV exposure and apoptosis
prompted us to investigate the expres-
sion of APE/Ref-1 (and its subcellular
distribution) in human skin before and
after UV exposure.
Immunohistochemical staining and
quantitation of images was carried out
as detailed previously (Tadokoro et al.,
2003, 2005; Yamaguchi et al., 2006).
Mouse anti-human APE/Ref-1 antibody
(Affinity BioReagents, Golden, CO) was
used at 41C at a 1:100 dilution. Alexa
and 4, 6-diamidino-2-phenylindole
(DAPI) fluorescence was observed and
analyzed using a Leica DMRB/DMLD
laser microscope (Leica Microsystems,
Abbreviations: APE/Ref-1, apurinic–apyrimidinic endonuclease/redox effector factor-1;
DAPI, 4, 6-diamidino-2-phenylindole
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Bannockburn, IL) and ScionImage
software (Scion, Frederick, MD). This
system allows the elimination of back-
ground fluorescence and the quantita-
tion of fluorescence intensity from
original images. Data are recorded as
integrated density over a given epider-
mal area. In this study, we restricted our
analysis to the two major racial/ethnic
groups in the US – Black or African
American (hereafter referred to as
Black) and Caucasian (White). To ex-
amine the specific expression of APE/
Ref-1 only in the nuclei, the nuclei in
epidermal cells were stained with
DAPI, then identified in digital photo-
graphs, and delineated electronically.
APE/Ref-1 staining in the nuclei or in
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Figure 1. APE/Ref-1 expression in White and in Black skin. Immunohistochemistry of APE/Ref-1 in the epidermis of (a) Black and (b) White skin;
APE/Ref-1 in the entire (left) epidermis and in the (right) nuclei identified by (middle) DAPI staining. (c and d) APE/Ref-1 staining of the entire epidermis
and of the nuclei (divided by the intensity of DAPI staining) on the y axis in normal skin of five Black subjects and five White subjects, respectively, before
and 1 day and 1 week after exposure to single minimal erythemal dose UV (P shows statistical significance by paired Student’s t-test). (e) APE/Ref-1 mRNA
expression in human skin detected using tissue in situ hybridization; TYRP1 mRNA expression is shown as a positive control and a negative control using
sense probe for APE/Ref-1 is also shown. Sections of paraffin-embedded skin (3 mm) were deparaffinized, treated with proteinase K, and placed in 200 ml
acetylation buffer (0.1 M triethylamine, pH 8.0, containing 0.25% acetic anhydride) for 15 minutes. After washing in 4 SSC for 10 minutes, specimens
were incubated in pre-hybridization solution (2 SSC, 50% deionized formamide) for 1 hour at 471C. After overnight hybridization at 471C, specimens were
placed in hybridization solution (Mutsuga et al., 2004) containing 10 ml purified digoxigenin (DIG)-labeled antisense riboprobe. Samples were then
incubated in TNE buffer (Mutsuga et al., 2004), treated with RNaseA for 30 minutes, and returned to TNE buffer for 3 minutes, all at 371C. After washing in
0.1 SSC for 15 minutes at 471C, specimens were blocked for 30 minutes and then incubated with anti-DIG/horseradish peroxidase (HRP) conjugate
(DAKO, Carpinteria, CA) for 40 minutes at 371C. For detection, the tyramide signal amplification system (GenePoint kit, DAKO) was used with vasoactive
intestinal polypeptide (VIP) solution (Vector), according to the manufacturer’s instructions. SSC, saline sodium citrate; TNE, Tris–NaCl–EDTA.
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the cytoplasm was then quantified
using ScionImage. Expression of APE/
Ref-1 in the entire epidermis was not
increased in the Black or White skin
(Figure 1a and b), but if only nuclear
expression of APE/Ref-1 is measured,
the level of APE/Ref-1 increased within
1 day of the single minimal erythemal
dose UV, and the increase persisted
even 7 days after that single exposure
(Figure 1c and d). A similar tendency
was noted when the analysis was
performed to measure APE/Ref-1 nuclear
intensity divided by the number of
nuclei (data not shown). The consti-
tutive expression of APE/Ref-1 in uni-
rradiated skin was not significantly
different between Blacks and Whites.
We also used tissue in situ hybri-
dization to examine APE/Ref-1 mRNA
levels in the skin before and after UV
exposure. The skin sections were
phototype 2 (of the six skin phototypes
as defined by Fitzpatrick). The human
APE/Ref-1 probe is a 1429-bp fragment
(128–1556, NM_001641) from the hu-
man APE/Ref-1 gene, a kind gift from Dr
Sankar Mitra (University of Texas) and
Dr Sheila Crowe (University of Virginia)
(Ding et al., 2004), subcloned into the
PCR-II vector. The probes for in situ
hybridization were synthesized as
described previously (Mutsuga et al.,
2004). T7 (GCGCGTAATACGACTCAC
TATAGGG) or SP6 (CATACGATTTAG
GTGACACTATAG) primer sequences
were used to PCR amplify the fragment,
and the resulting PCR products were
used as templates for the synthesis of
antisense and sense riboprobes (the
latter being used as a negative control).
The length of the resulting PCR product
was 1478 bp and was used as a
template for the labeling. Riboprobe
synthesis was performed using 130 ng
PCR product and a digoxigenin RNA
labeling kit (Roche Applied Science,
Indianapolis, IN). In situ hybridization
APE/Ref-1 Nuclei
NucleiCPD
APE/Ref-1
Be
fo
re
 U
V
Be
fo
re
 U
V
2.
5 
m
J/
cm
2
7.
7 
m
J/
cm
2
10
.6
 m
J/
cm
2
26
.7
 m
J/
cm
2
26
.7
 m
J/
cm
2
54
.3
 m
J/
cm
2
38
.2
 m
J/
cm
2
Nuclei
Figure 2. APE/Ref-1 expression in normal human epidermal keratinocytes (NHEK) cells following exposure to UV. Normal human epidermal keratinocytes
cells were exposed to UV using two Philips TL 20W/12RS lamps that emit 64% of their total energy within the UVB range and 36% within the UVA
range, at a dose rate of 0.123 mJ/(cm2 s), as monitored by a PMA2100 UV radiometer (Solar Light, Philadelphia, PA) (Virador et al., 2002). The medium
was removed and cells were UV irradiated for 20 and 80 seconds, and 2, 4, 5, 7, or 10 minutes. Fresh medium was added at 10 minutes when all UV
irradiations were finished, thus the duration before the medium was replaced is the same for each chamber slide including the non-irradiated control. The
cells were cultured for 1 day at 371C and then were fixed and immunostained for APE/Ref-1 and cyclobutane pyrimidine dimer damage. APE/Ref-1 staining
is shown as red, with nuclei stained with DAPI (blue). Cyclobutane pyrimidine dimer DNA damage is shown as an indicator of the UV irradiation (green).
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was carried out as described previously
(Suzuki et al., 2002), with minor
modifications. APE/Ref-1 mRNA levels
were increased after UV exposure
(Figure 1e).
Next, we investigated APE/Ref-1
expression in normal human epidermal
keratinocytes before and after exposure
to UV. Before UVR, APE/Ref-1 expres-
sion was very weak, but was more
prominent 2 minutes after exposure to
UV (at 10.6 mJ/cm2, Figure 2).
The human DNA repair enzyme,
APE/Ref-1, is a dual function protein
that plays an important role both in
DNA base excision repair and in
transcriptional responses to oxidative
stress (McEligot et al., 2005). Endoge
nous activator protein sites are produced
by various mechanisms, for example,
oxidative damage, which result in
mutations or genetic instability. APE/
Ref-1 is a key enzyme involved in the
DNA repair process. Moreover, APE/
Ref-1 not only has the DNA repair
activity but also facilitates the DNA-
binding activity of several transcription
factors, including activator protein-1,
NF-kB, Myb, p53, and Pax, through
both redox-dependent and redox-
independent mechanisms.
The relationship between APE/Ref-1
and apoptosis has been extensively
studied. Many studies have revealed
that upregulation of APE/Ref-1 protects
cells from various apoptotic stimuli,
including oxidative stress, chemothera-
peutic drugs, and radiation treatment
(Robertson et al., 2001; Angkeow et al.,
2002). In contrast, downregulation of
APE/Ref-1 expression is associated with
apoptosis and sensitization of cells to
induced apoptosis both in vitro and in
vivo (Robertson et al., 1997; Kawase
et al., 1999). However, co-expression
of APE/Ref-1 was reported to potentiate
p53-induced apoptosis in H1299 cells
(Gaiddon et al., 1999). This was con-
firmed by another study (Yao et al.,
1995), which showed that the contribu-
tion of APE/Ref-1 to apoptosis may
depend on the type of cells used and
on the nature of the underlying stress.
We show in this study that the nuclear
expression of APE/Ref-1 in human skin
is enhanced by stimulation with rela-
tively small doses of UV. To our
knowledge, this is the first report show-
ing that UV affects (increases) the
nuclear expression of the essential,
multifunctional APE/Ref-1. The reason
why the nuclear translocation of APE1/
Ref-1 was more readily observed in
Black skin than in White skin may result
from the fact that the number of
apoptotic cells in response to UV was
higher in Black skin than in White skin
measured by TUNEL and by Ser46-
phosphorylated p53 (Yamaguchi et al.,
2006) and that the expression of APE1/
Ref-1 is related with p53-induced
apoptosis (Gaiddon et al., 1999). Redox
regulation of transcription factor activa-
tion mostly occurs in the nuclear
compartment and, in turn requires a
system of regulation. The nuclear pro-
tein Ref-1 is a clear candidate for the
role of a shuttle factor between the
cytoplasm and the nucleus. The roles
of APE/Ref-1 in DNA repair following
its translocation to the nucleus in
UV-irradiated skin and/or its role in
apoptosis following UV injury are
interesting questions that need to be
clarified.
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